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Development of a Biological Reaction and Measurement Control System for Rapid
Detection of the Insecticide Imidacloprid Residues

J. K Lim

H. K. Cho

In this study, a biological reaction and measurement control system was developed to rapidly measure the insecticide
imidacloprid residues in agricultural products. The biological reaction part of the system was designed to include micro-pumps
and valves for fluid transport, and a polystyrene cuvet as a reaction chamber. The measurement control part of the system
consisted of a photodiode with a light-emitting diode for optical density measurement, and a control microcomputer to
implement assay. Signal output was read as the rate of change in optical density at 645 nm. The sensitivity of the system
was 2.2 ng/mL (ICso). The system could execute a measurement cycle in about 19 minutes. Research will be continued

_to develop an automatic sampler for imidacloprid residues from agricultural products.
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Fig. 1 Scheme of the biological reaction system used in the study (Delwiche et al., 2001).
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Fig. 3 Block diagram for the system control.

Table 1 Control sequence for the sensor system.

Binding cycle

Imidacloprid valve (600 pL), Reagent pump (20 strokes)
Ist antibody valve (600 pL), Reagent pump (15 strokes)
Mix pump (33 strokes)

Incubate 5, 3 min (24C)

Washing cycle x5

® Drain cuvet
® Washing valve (1.2 mL), Reagent pump (30 strokes)
= Mix pump (36 strokes)

Antibody Labeling cycle

® 2nd antibody (1 mL), pump (20 strokes)
® Incubate 5, 3 min (247C)

Washing cycle x5

Development cycle

Substrate valve (1 mL), Reagent pump (32 strokes)
Incubate 5 min (24°C)

A/D converter

Calculate OD rate (10 s)

Cleaning cycle

= Clear imidacloprid valve
® (Clear substrate valve
" Add washing solution
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Table 2 Protocol for the ELISA used in the system.

By hand

Immobilization of Antigen

1. Immobilize antigen on cuvet (1 mL, 0.1 ug/ml, 12h, 4T)
2. Washing cuvet (1xPBS + 0.05% Tween20, 5 times)
3. Blocking cuvet (2 mL, 1xPBS + 3% skim milk, 1h, 37C)
4. Washing cuvet (1xPBS + 0.05% Tween20, 5 times)

By the system

Binding

5. Add 500 pL of standard or sample solution.
(200, 40, 8, 1.6, 0.32 ng/mL)
6. Add 500 uL of the dilute polyclonal antibody (1:2000)
7. Incubate for 5, 3 min at 24C
8. Washing cuvet(1xPBS + 0.05% Tween20, 5 times)
9. Add 1 mL of 2nd-antibody
(goat anti-rabit 1gG-Horseradish peroxidase, 1:5000)
10. Incubate for 5, 3 min at 24C
11. Washing cuvet (1xPBS + 0.05% Tween20, 5 times)

Development

12. Add 1 mL of substrate buffer
(citrate buffer, 0.6% TMB, 1% H>0,)

13. Incubate for 5 min at 24°C

14. Read optical density on sensor
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Fig. 4 Effect of dilution of the rabbit D antiserum and the goat
anti-rabbit IgG-HRP on the sensitivity of the ELISA.
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Fig. 5 The standard curve at the incubation for 3 and 5 minutes.
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Fig. 6 Calibration of output voltage versus imidacloprid concentration
with two incubation perids.
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